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. PROPERTIES OF HOT-PRESSED BARTUM TITANATE

INTRODUCTION

The objective of the program described was to develop a technique for producing u 1
dense, hot-pressed barium titanate sample having an average grain size of less than one
and to compare its electrical properties with those of convenionally-fired bari ‘1 titana

Barium titanate h.d ueen hot-pressed by others using graphite dies. Mot-pres:ing ir
resyli= in reduced*barium titanate ceramic which, upon subsequent oxi slion, was subje
grair growth. Hot-pressing of cadmium niobate in ceramic dies had previously been den
at USASRDL by DeBretteville, et el,! and barium titanate had Feen hot-pressed ard son
properties reported by Tennery, ) '

Further development of the hot-pressing technique has enabled the authors to praduc
soareduced samples of extremely fine grain structure whose electrical propertieos are of

METHOD

The hot-pre.sing apparatus consists of an induction furnace used in conjunction wit
and die assembly. ‘An over-all view of the assembled appar.tus is shown in Figure 1,

The 1nduction power supply is a 20-kw, 10-kc motor gen.srator, which allows rapid he
with gonod control. The furnace, which wac¢ assembled r.a the platen of the pres:, was a
insulating fire brick cut w fit inside the induction coil aud around the die assemblv. A
tional, manually-operated hydraulic laboratory press was used, The furnnce and die ass
are shown in Figure 2 ! "

The ceramic dies which have proven most effective for our work with barium titanate
1007, stabilized zirconia made slightly porous to improve thermal shock resistance. Ot
materials such us alumina and alwinine porceiains can slso be used with some degree of
A <rainless steel bushing was shrunk onto the ceramic siveve 10 serve as the susceptor
add mechanical support, ’

The method used to prevent adherence of the material being pressed to the ceramic ¢
enbed the sample in a relatively coarse zirconia powder (TAM No. 4510€). Thi: method
_sticking to the die and nllowed the sample to be ejecied easily while hot. The amount ¢
that diffused inw the sample during firing has not been determined, but :he layer of zirce
that adhered to the surface of the sample was easiiy removed hv grindiv

PROCEDURE

A sarple dise of harium titanate LS inch suailer iu dismeter than che zirconia die v
preforr « d at 10,000 psi with ro binder, This preformed disc was loaded into the hot-pre
in such a manner as o k> completely encapsulated in zirconia placing sand. The loadet
was aligned in the induction coil, and a pressuce of 5000 psi was applied and maintainat
cut the heating cycle. The rate of heating was controlled ir such & manner that'a tempe
2000°F wao reached 10 ten miputes. The seaiple was hel- ¢ this temperature and press
twenty minutes spd then quick.y ejected fror the die an huried in vermiculits to coul,
~onling, the sample was removed from its zirconia casing. groynd 10 the desired shape, ¢
polished.

A oo  ~—s
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FIG! HOT- PRESSING APPARATUS

-‘1-



. “l : -
T1dWVS W mu L L L \\ l/o«ux $S3id ONNVHOAH

o o o o ®
< i . ’
s a2l lle o2
73348 SSIMIVAS |- - - o ® 2| ‘ o o
o, o o . .. .
: ©H O o
aNvS NI B o ° o
- O1d VINOJNIZ E . s
. o 7
0K
@3aziviewas) [0 eV
VINOOMIZ |~ "~ OO Zo O
- OX|c= O .
- QNI Oo Uv O aw

/

1102 Nowonant
037000- ¥3LVW

™= 314N02ONYIHL

7
MQ\\\ \ /)09 55384 o...:«zomz




e ot prese.re, time, 21d ienpersivre of I'ring were invecrizated: however,

Tooza s b e U000 pEl Gead fo il deTeliutan ui the dies, and a signiitcaridy jower tempers
«tomowr slonter U does not vielld a foily varified beds.

CHARACTTERISTICR OF HOT.riesst U a0, ‘
Dieve vy cnd Micersmoucture

Tre polished surples bud & vesiowist color thut 15 charicierisne of novreduced bariun
Hlanawe. tracturec swfaces were piessy, an indication of e Liph donsity wnd fine zrain size,
Dersity meusaremenis, ade by ispincer ent, svetaged 5.2 g 'ec, some savales n omu"“ ne
Ligh as €.0 en "¢, Wher en.anined under £00 N ~agnification, poli=ted samn vobited o

Lbpsrent grain s ructure tefore or afier etéling,

After carefy) ;x»hs“‘ peg, sunples were erches in g solution of 5% IIF and 1,07 HNO, wndd
piaunun siadow ed cartoa nac.&eo repnca- were ; —n'arec and évazined with the ¢jectror racm,

cenne it macaiflicauons up w 20,600 X 1t was four d that due 1o the snall eran ﬂue Q soudsie
poiisiing arc etchang tectnijue could »nt lo deve ned, '

Fractured surfecos wore reciicats cm e eloin.n mucractephs are of unstehed fractured
sufices, The grai o the hoter v ns: d barium titanate was found 1o he fess than 1 micron
(Fizere 2, Fipare 4 ilitstrare: tta o . ooiv s:2¢ ohsemed in a fractograr nf hilnofired
Laial. Ltanate,

Theé fire mucractructure ot served .o e Lolepies~ed Fampies 12 attributed 0 the fine parucle
size of the stariing material, a=d 10 the predorinance of piacﬁc fiow as the © wchauism of ciarer

ing v der thece conditions, The average n sate uzed (TAMTT

gra':v Yaas S micron, These parucies were f0und W be apglomerated a manner that thes

rdicated 2 purucle size distritution of e § ocrons by cedirentation wethods. Eleciron micro.

cruphs showed the actue: particles o he I micmrn and iecr teee Figure §), ecsennally the care
size ns ttate appearing :n tre hot-pressed sumples.” This indicates (hat there was no significa
roan orowtd durning dersificuiion and that Yotepressing otters a mettod "o he uzod i contenl

grawn size,

i <jze of the harum

.

Ecreer St Chaejoteeatios

The elecirical properties of hoterres 2 Liltate Satiles prupated as im0 aere ot
s nnr when comrared to thoea of oot onasnaliy rrepared sat nies, T‘& dieleciric sirengtd has
vevs found to be b -lovaite por il as comoaned with v oless of 6% 0 27 volns reem ol usaally

Chiservers it convemtionally pracesced naryr ttanade sarpies 116 inebh oy,

e ¢ 1liustrates the & ffetences orcened 1n ~ou

frrer wh tempergigre, The srduriiz :

-

Pe Cune temperitire 1o ottt et

AT rrem cem erat re U

e o'("“" CORSTaS" it BIOVE S0 WD s T et 0l e S enlLon 07 1P cut nle vt resher?
o the it ctin of he o Cuenendescs o PR en treruen oy was founs from 100 ops
w T~ o, Fizare Tderiois tre F e MmO (unealant wtn U e L0807 STe i OOl e et
slare conditiong v canvens socesced BaT o, T sumiies were desagen ty boung
e C for 0 ' A T O TP N
el e anire o Lhertation
el e

I8
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Teeel e el e e AU 8 W RTateal e
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FIG 3 FRACTURED SURFACE OF HOT-
PRESSED BaTiOs
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FIG 5
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PARTICLE REPILICA OF BaTiOs
POWDER



DIELECTRIC PROPERTIES OF TWC TYXES OF BARIUM
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little or 10 pxezoelec'nc response was

n.

An arremut wuc made o pole interrecsed ear

d mples
tire ov while cocling fro~ 194° C, but

al PNC™ tamroe

atserned,

CONCLUSIONS .

Tue hot-pressing technique described in this regort produced a dease, nonreduced barium
t.."\ra!e sample with no apparent zrain gr out‘:. The i:miang facor in produting  fne-graine:d
BaTi0. body war in the panicle size of the raw materizlz. A projert has been initiated to prodi
a BaTi0 , powder with an average particie size of less than 0.1 micron,

ike gielectric properues of ihese materials were greatly enhanced by small crystallite sizz,
byt ihe plezoelectric response was almost (omple!el\ eliminated. These results <how the sip-
sificunse of the effect of density and grain size on the ferraelezine propeiues of barium titanace
wndindicate (hat an extension of this study over a wider range of particle sizes, particularly
vejow U1 micron, might be expected o produce new or improved electncal properties in
ferroelecuric matenials.
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